Introduction
Acute breathing difficulties are the cause of 8% of emergency calls and are the third ranking emergency call presentation [1, 2] .
Diagnosing the cause of respiratory symptoms in patients can be a diagnostic challenge due to the wide range of disease processes and the number of systems involved. Causes include primary lung or cardiac conditions, shock or metabolic causes. To confuse the clinician further the aetiology may be multifactorial and therefore treating the wrong cause may exacerbate the condition [4] . We know from autopsy studies that misdiagnosis occurs in 30-50% of patients [4, 5] and improvements need to be made.
Obtaining an accurate diagnosis in an emergency department can be delayed by waiting for diagnostic tests such as B-natriuretic peptide assays, chest X-rays or CT pulmonary angiograms. Departmental echocardiography is rarely readily available and departments are under huge strain. Point-of-care cardiac ultrasound can be very useful in these scenarios. Echocardiography in the emergency department is a well-established technique [3, 6, 7] , butitsuseisnotascommonineveryday practice as it might be. It has been shown that FoCUS echocardiography can be a valuable tool for rapid assessment in the emergency department where predefined clinical questions can be answered with a limited number of views by noncardiologist operators [6, 8, 9] . Pocketsized echocardiography is increasingly used by cardiologists when reviewing patients with diagnosed or suspected acute coronary syndrome and with the management of a wider range of chronic conditions in less acute inpatient settings. Pocket-sized devices are convenient, becoming more affordable and image quality is rapidly improving to a standard that their use is now widespread. Currently there is no established recommendation for performing echocardiography in patients presenting with breathlessness, although its efficacy for the diagnosis of several conditions has previously been demonstrated [10] with a suggestion that this should be become part of good clinical practice. At present the curriculum of the Royal College of Emergency Physicians requires level 1 ultrasound competencies, which include echocardiography in life support where a FoCUS scan is delivered [3] . Accordingly, emergency department registrars and consultants are trained in the basic echo views required to identify significant life-threatening pathologies that pocketsized point-of-care systems are designed for. More widespread use of FoCUS as an extension of clinical examination as recommended [11] will improve the skill set in this group of professionals and potentially reduce the number of misdiagnosed patients.
Objective
In the PEEDED study we seek to assess the effect on time to diagnosis when using early pocket-sized echo in patients attending the emergency department with acute dyspnoea. We hypothesized that the addition of cardiac imaging with a pocket-size ultrasound system (Vscan) would provide rapid diagnostic information as an extension of clinical examination. 
Recruitment and consent
Appropriate patients were identified at triage by the emergency department care team and asked for consent for the research team to approach. Written consent was obtained from all patients included. Patients with temporary lack of capacity due to being acutely unwell were included where appropriate personal or professional assent could be obtained and retrospective consent was obtained when capacity was restored. Where loss of capacity was permanent patients were excluded.
Randomisation
Each patient was assigned a number from a random number generator. Those with an even number were included in the scan group and those receiving an odd number in the control group.
Devices
The pocket-sized cardiac ultrasound scans were performed using the Vscan device by GE Systems (. Fig. 1 ). 
Procedures and outcomes
Those patients recruited to the Vscan group received a FoCUS scan of less than 10 min duration. Results for this were recorded in a reporting sheet adapted from the a previous trial using Vscan (the POPPET trial [14] ). This sheet was placed in the patient case card. In addition to this an algorithm, adapted from Emergency Echocardiography by Adrian Chenzbraun [15] , was completed if major diagnostic findings were found. The reviewing physician was asked to complete a proforma recording: 4 The presumptive diagnosis, 
Quality control
The images acquired from the 21 Vscans obtained were reviewed by three further echocardiographers (one cardiology registrar and two cardiac physiologists) who were asked to complete the same reporting sheet.
Medical ethics
All procedures followed were in accordance with the ethical standards of the responsible commitee on human experimentation (institutional and national) and with the 
Results
In all, 52 patients were approached for recruitment over a period of 10 days in the emergency department. Eleven (21%) declined to participate. Twenty one patients were recruited in the scan group and 20 patients were recruited to the control group. One patient in the control group withdrew informed consent after inclusion in the study. No patients withdrew from the study due to adverse events or complications. Forty patients remained in the study in total, 21 in the scan group, 19 in the control group. Demographics of the two groups are summarised in . Table 2 .
Quality control
Following quality control there was 96% concordance with reports by other interpreters. No results were found to be underestimated in severity.
Patient data
Of the 21 patients who received a Vscan, 7 (33%) had significant findings falling into the categories of the algorithm (tamponade [n =0], moderate to severe LVSD [n =5], enlarged poorly contracting RV [n =2], significant valvular disease [moderate or severe, n =5]) (. Table 3 ; . Fig. 2, 3, 4 and 5) .
Of the recruited patients, 9 received a Vscan by a cardiologist later in their admission and one a departmental echo. Of the five scanned in the ED as part of the intervention group, four Vscans concurred with ED scan results. The 5th cardiologist Vscan reported a patient's mitral regurgitation as mild rather than moderate as estimated in the emergency department scan. Two showed severely impaired LV Fig. 5a-c 8 Images acquired via Vscan from a patient with severe left ventricular systolic dysfunction and a pleural effusion. There was discrepancy within the quality control image interpreters as to whether this was pericardial effusion.Images were reviewed by a consultant cardiologist at the time of acquisition to confirm this was a pleural effusion systolic function, one showed a new area of hypokinesis and the other had inadequate images obtained due to poor acoustic windows.
Time to diagnosis
The median time to diagnosis from the time first seen by the clinician was 40 min in the scanned group and 60 min in the control group. Using the Mann-Whitney U test this difference is not significant at P < 0.05 (U-value 142, Z-score -1.54379) (. Fig. 6 ).
Diagnoses
A breakdown of the final diagnosis on discharge is shown in . Table 4 .
Time to treatment
The median time to treatment for those that required treatment was 55.5 min (70 min scan group, 49 min control) with three people having treatment on triage or from the London Ambulance Service before review by clinician. Eight patients did not require any treatment within the emergency department. Median time to referral was 61 min (60 min scan group, 64 min control). Thirteen patients did not require referral.
Length of hospital stay
Median length of stay in the two groups was 1 day (both groups 1 day), mean was 3.7 days (4.85 days scan group, 2.47 days control).
Mortality
Inpatient mortality was zero. Two patients died in the 30-day follow-up period both in the theoretical control group and both from apparent cardiac-related causes.
Discussion
In this feasibility study we showed that the addition of cardiac imaging in the emergency department using a Vscan provides useful information in a short period of time. Seven scanned patients (33%) had significantly abnormal scans helping guide diagnosis and management.
The Vscan was a user friendly practical device that allowed a focused cardiac study to be carried out in less than 10 min in all included patients in order to identify the significant abnormalities as defined in the algorithm. It is light, portable and small enough to fit into scrub pockets. Battery life was good with a full charge allowing over 10 scans a day with additional image reviews. Another benefit was the ability to take the device to show colleagues or specialists the images without time-consuming uploads. The images were of good quality, and the image optimisation functions were adequate for this study although the maximum depth available was a problem in some of the larger patients. The scans were well tolerated by patients and most were enthusiastic about having the additional test.
The patient group studied was broad with the only clinical criterion being breathlessness as part of the presenting complaint. It became apparent during recruitment that patients reported shortness of breath less readily than symptoms such as chest pain, fever or cough despite it being clinically apparent. Consequently, some patients were not included who were later deemed by the clinician to have significant dyspnoea on examination. A previous study by Laursen et al. [10] placed less emphasis on expressed breathlessness as a symptom or perceived breathlessness at triage or by ambulance staff, but more on physiological parameters (in this case saturations less than 95%, oxygen therapy commenced or a respiratory rate over 20) followed by a broader definition of "respiratory symptoms" including present or recent cough, chest pain or dyspnoea in addition to those physiological parameters. As a relatively large proportion of the patients included in the study group were well enough to be discharged from the emergency department without follow-up, it would be helpful to add measures to include a more unwell patient group with abnormal physiological parameters being a logical step in place of triage categories and patient presenting complaint. We included triage category 1-3 patients; these categories are assigned by the triage nurses and in practice when reviewed by the clinician it appeared many of the patients included would fall into some of the less urgent categories 4-5. The primary outcome measure was time to diagnosis. In this study we based this time in minutes on the time from the clinician's first encounter with the patient to when they considered a diagnosis had been made. On collecting this data for both groups it was apparent that it was rather subjective and the exact time was difficult to ascertain. In some cases investigations such as chest X-rays and blood tests had been pre-ordered by other clinical staff allowing these results to be taken into consideration which clearly leads to faster diagnosis. Moreover, there was large variation among patients in this head start effect. Future studies should focus on patients admitted directly to the resuscitation room, who are seen on arrival facilitating the clinician to perform a Vscan in parallel with other investigations whilst also allowing for the time of clinician's first contact to be well defined. The secondary outcome measures such as time to treatment, length of stay and mortality were more straight forward to collect with electronic tracking and should be included to ascertain possible longer term implications of early pocketsized echo and cost effectiveness.
The progression to a full randomised controlled trial with a larger sample size is a logical next step. Our primary outcome measure should remain as time to diagnosis with a null hypothesis that an early pocket-sized echo in the emergency department does not lead to a faster diagnosis.
With a difference on means of 20 min between the times to diagnosis of the groups a sample size of 76 would be needed to show significance with a power of 0.8 and 5% error rate.
Currently UK emergency physicians are trained in echocardiography in terms of "Echo in Life support" as part of their level 1 ultrasound training. The requirements for this are quite basic; subsequently there is a great variation amongst individual physician's skill levels in echo image acquisition and interpretation. This is multifactorial: A lack of training opportunities, a lack of experienced operators to supervise, time constraints in the emergency setting and impractical equipment. Our colleagues in intensive care manage a similar subset of patients and are using point-of-care echocardiography to a much greater extent with many physicians striving for BSE accreditation. We have previously demonstrated that an intuitive approach following a brief tutorial on pocketsize echocardiography can improve the diagnostic accuracy over and above history taking and physical examination in the hands of medical students and junior doctors with no previous exposure to echocardiography [16] . As more evidence is obtained to show the feasibility and benefit of FOCUS echo in the emergency department this is likely to change and the pocket-sized devices could potentially play a large role in converting those who find our larger machines impractical and their set up time consuming. A project such as the one we suggest would be another step towards demonstrating some of its applications and benefits and as a result training opportunities and echo experienced physicians may become more prevalent.
Conclusions
In this feasibility study we showed that the use of a Vscan in the emergency department was a practical, portable device that provided rapid diagnostic information as an extension of clinical examination. This has the potential to reduce time to diagnosis in this time pressured environment.
